To evaluate programmatic efforts to improve dietary intake and growth in 6-to 12-month-old infants in developing countries, we reviewed the results of 5 efficacy trials and 16 programmes conducted in 14 countries. Efficacy trials were able to improve infant dietary intakes by 65 to 302 kcal/day and infant growth by 0.04 to 0.46 SD. Programmes reported large improvements in maternal knowledge and practices concerning infant feeding. Four programmes that provided information reported improvements in dietary intakes of 71 to 164 kcal/day and changes in growth of -0.08 to 0.87 SD. Despite variability in the results, the majority of research and programmatic efforts improved growth rates by 0.10 to 0.50 SD. In absolute terms, this range of improvement in growth would reduce prevalences of malnutrition (< -2 SD) at 12 months of age by 1% to 19% and could reduce deaths due to malnutrition by 2% to 13%, depending on the underlying prevalence of malnutrition in the community.
Introduction
Childhood malnutrition is a major public health problem throughout the developing world and is one of the principal underlying causes of death for many of the world's children [1, 2] . Research conducted over the past 20 years throughout the world in a variety of Interventions to improve intake of complementary foods by infants 6 to 12 months of age in developing countries: Impact on growth and on the prevalence of malnutrition and potential contribution to child survival settings has demonstrated that post-natal growth faltering begins at around six months of age, just as infants begin to receive foods to complement their breastmilk intake [3] .
How should babies be fed during their first year of life? For the first four to six months of life, it is recommended that infants receive no food or liquid other than breastmilk (not even water). From the age of about six months onward, infants should continue to receive breastmilk and, in addition, should be fed safe and adequate amounts of local foods frequently throughout the day. A recent review [3] suggests that on the assumption of an average intake of energy from breastmilk, infants 6 to 8 months of age should receive 270 kcal/day and those 9 to 11 months of age should receive 450 kcal/day from complementary foods. The variability in energy requirements is wide at any age; thus, some infants will need considerably more, whereas others will need considerably less than these average values. The total length of time that a child receives breastmilk is left open for the mother and child to decide, but it is recommended that mothers continue breastfeeding throughout the second year of life and for as long as possible.
The provision of safe and adequate amounts of local foods appropriate for 6-to 12-month-old infants who are just learning to eat is not as simple as it seems. Complementary foods fed to infants in the second six months of life (and beyond) are often inadequate in energy density, protein, and micronutrient concentration or quality and are often prepared, stored, or fed to children in ways that increase their risk of illness. Because of the complexity of the nutritional and behavioural issues involved, careful, detailed, interdisciplinary work must be undertaken to define the nutritional problems of older infants and identify appropriate and effective interventions to improve complementary feeding and infant growth and development in country settings.
Many nutrition programmes have been implemented over the past 20 years to improve complementary feeding for young children throughout the world, and there is renewed interest in strengthening this component of child survival programmes. Therefore, it is a timely point to review the scientific and programmatic literature to identify what has been accomplished and what can be learned from earlier programmes and applied in future efforts to improve complementary feeding.
The purpose of this review is to evaluate the extent to which research and programmatic efforts over the last 20 years have been able to improve the dietary intakes of 6-to 12-month-old infants in developing countries. First, we review the results of efficacy trials conducted to improve the growth of these older infants, and then the information available on programmes designed to increase dietary intakes and reduce malnutrition in developing countries. The following questions are addressed: What improvements in dietary intakes and growth of infants have research projects (with efficacy designs) been able to achieve? What improvements in dietary intakes and growth of infants have developing-country programmes been able to achieve? What are the features of successful programmes to improve complementary feeding of infants in developing countries? What is the likely impact of improvements in growth rates (brought about by such programmes) on malnutrition rates? On deaths due to malnutrition?
Methods
A search was undertaken to identify scientific papers and programme project documents with data pertinent to this analytic review. The search was not restricted to work on older infants; rather, we sought to identify research or programmatic efforts conducted with preschool children and then to determine whether pertinent data were available on the 6-to 12-month age group. To identify efficacy studies, we conducted a computer-based search for the years 1970 to 1997 and examined all citations in the identified studies. We also examined the references in reviews on dietary intakes and growth of infants and children in developing countries. The final list is probably complete with respect to published reports of controlled trials to improve dietary intakes and growth of non-hospitalized 6-to 12month-old infants in developing countries. To identify relevant programme projects, we reviewed the citations of published reviews as well as other documents (published by ACC/SCN or the World Bank) detailing programmatic efforts to reduce child malnutrition. We also enlisted the help of public health professionals working in the area of child feeding and growth in developing countries to identify relevant documents. In all, 5 efficacy trials were identified for review, as well as 16 programmes conducted in 14 countries. Complete information (design, coverage, and impact on outcomes of interest) was not always available for all 16 programmes; however, because we felt the information available would be useful to research-ers and programme planners, we have made maximal use of the information available.
One important goal of the review was to describe the impact of the interventions on the growth rates of children. To do so, we converted (when necessary) the reported nutritional status data into standard deviation (SD) units. This was accomplished in a variety of ways, depending on how the published data were reported. For example, the pre-supplementation nutritional status of each treatment group was converted to Z scores or SD units by subtracting the mean weight or length at six months of age in each group from the gender-averaged median of weight or length from the international growth reference [4] , divided by the gender-averaged reference SD of weight or length at that same age. The differences in the post-supplementation average Z scores of weight or length describe the impact of the intervention on growth rates in SD units. The treatment effect on growth in SD units could also be calculated by taking the difference in the simple postsupplementation means (in kilograms or centimetres) and dividing by the gender-averaged reference SD for children of that age.
Calculating nutritional impact in terms of shifts in the distribution of nutritional status in SD units is useful, because the results allow us to project reductions in the prevalence of malnutrition (% < -2 Z score) associated with various levels of programme impact. This can be done if we assume that the post-intervention Z scores are normally distributed and have a given SD (in our case, we chose 1.0), and we utilized information on the area under a normal curve at selected cut points [5] . As a simple example, suppose that the average weight-for-age or length-for-age of children in a community is 3.0 ± 1.0. In this case, about 83% of children would be considered underweight or stunted, respectively, because -2 Z score falls at +1 SD on the community Z-score distribution, and the proportion of the area under the normal curve [5] to the left of +1 SD is 0.83 (or 0.50 + 0.33). Similarly, if the average growth rates of infants in the community were improved (greatly) by +1.0 SD with the variance of growth unaffected, we would expect the post-intervention Z scores in the community to be -2.0 ± 1.0 and the prevalence of malnutrition to be reduced to 50%.
To examine the potential impact of improvements in growth on child survival, we used the method developed by Pelletier et al. [6] for calculating the proportion of deaths attributable to malnutrition in children in developing countries. The population attributable risk (PAR), or the number of deaths due to malnutrition as a proportion of all deaths, is calculated as follows:
where P i is the prevalence of malnutrition of a given degree of severity and RR i is the relative risk of mortality associated with that degree of malnutrition [6] . On the basis of the analysis of data from eight studies, the relative risk of dying for children of a given weightfor-age (as a percent reference median) as compared with children with weight-for-age of 90% can be calculated as RR = 10 -0.0264 (WA -90) , where WA is weightfor-age [6] . This information can also be used to calculate the expected reduction in deaths due to malnutrition given improved growth rates of children.
Pelletier et al. [6] determined that the method is valid across the age range of 6 to 36 months and thus is appropriate for the reduced age range of 6 to 12 months that is of interest here. Further, although the method is based on nutritional status calculated as percent reference median, their analyses support the application of their method to nutritional data calculated as Z scores. For our purposes, the distributions of weight or length Z scores were converted to units of percent reference median at 12 months of age and then used to calculate the PAR depending on the theoretical prevalences of varying degrees of malnutrition and associated RR. By calculating the PAR for different theoretical Z-score distributions, the impact of improving growth rates of children on reducing malnutrition and therefore the PAR could be quantified.
Results

Efficacy studies to improve dietary intakes and growth
It is widely held that the largest improvements in the intakes of complementary foods of older infants will be achieved in scientific research trials because of technical, financial, and other factors that differentiate research from programmes. Because of this, it is helpful to review the achievements of small-scale randomized intervention trials in this area to provide us with an idea of what optimally might be achieved. From the scientific literature, five studies [7] [8] [9] [10] [11] [12] [13] were identified for review. The studies, conducted in Indonesia, Bangladesh, Colombia, Guatemala, and Jamaica, are summarized in table 1. The interventions varied with respect to design and precise objectives. However, most of them were randomized controlled trials with the common goal of improving the growth of children through improvements in their dietary intakes. None of the trials focused exclusively on 6-to 12-month-old infants. For this reason, most of the information on programme impact was derived from the results reported for the subsample of study participants of the appropriate age. In Colombia, however, it was not possible to separate out the impact of the programme on 6-to 12-month-old infants, and therefore we report the impact on infants 3 to 12 months of age. Further, in Bangladesh the intervention involved 8-month-old infants who were followed up until they were 13 months of age. The study is included here under the assumption that the results obtained are appropriate to what would be observed in 6-to 12-month-old infants. Most of the trials gave food as supplements to the usual dietary intakes of the infants, but the studies varied with respect to the foods offered and the delivery mechanism. The exception to this was the study conducted in Bangladesh [13] , in which specific feeding advice and cooking demonstrations were provided to caretakers in their homes. Although our focus is not on the statistical significance of the findings, it is important to note that each of the five studies found that the nutritional interventions significantly improved the growth rates of participating children.
With respect to our objectives, there are four conclusions that can be drawn from these published studies. Each of these points is described below.
The studies were largely successful in identifying foods that were liked and accepted by children in this age group and their caretakers in each cultural setting
The foods offered to the children to enhance their energy intakes from non-breastmilk foods varied across the settings. The foods were either offered daily as readyto-eat foods [7] [8] [9] at feeding centres [8, 9] or day-care settings [7] , or provided weekly as raw ingredients to the family to be prepared and fed to the study children [10] [11] [12] . Of the foods offered, many provided one or two nutritious foods to be added to the diet. However, in Indonesia [7] local foods were used to develop 20 distinct snack foods to augment the dietary intakes of children while they attended a day-care centre. In several settings, drinks as opposed to semi-solids or solids were offered. In Guatemala atole, a high-energy, moderate-protein, micronutrient-fortified drink, was provided [8, 9] . Whole powdered milk was distributed to the families of the study children in Colombia [10, 11] , and a milk-based formula and skim milk powder were distributed in Jamaica [12] . Again, only in the study in Indonesia [7] were combinations of semi-solids and solids offered to increase the energy intakes of 6-to 12-month-old infants.
In general, the foods were well liked and consumed by infants in this age group. In three sites [7] [8] [9] 13 ], part of this success can be attributed to the formative research conducted before the intervention to identify infant-feeding issues, foods appropriate for young children, and the level of energy required from complementary foods in the population. In Guatemala [8, 9] infants were offered either of two different drinks, atole and fresco, a low-energy, no-protein, micronutrientfortified drink. Consumption of atole was good, because mothers thought it was a good food for infants, whereas consumption of fresco was very low, because mothers did not consider it an acceptable food.
Regardless of the acceptability of the supplemental foods, an important drawback in some of the studies was related to the texture (liquid) and uniformity of the supplements chosen [8] [9] [10] [11] [12] . Offering a variety of textures and flavours to 6-to 12-month-old infants is important, because two of the developmental goals of complementary feeding are to introduce the infant to varying food textures in preparation for mastication [14, 15] and to begin the transition of the infant from a single-source (liquid) diet to one characterized by diversity and variety. Many psychologists believe that delays or failures to introduce textures to older infants may lead to later feeding problems [14, 15] . Whether this happened in any of the published studies is not known. However, the implication for programmes is that the addition of single-source or liquid supplements to the diets of older infants may not be the best approach to improving the dietary intakes and well-being of children living in underprivileged environments in the long term.
Energy intakes from complementary foods were improved by the interventions
It is important to note that these studies did not compare the outcomes of infants who did or did not re- a. Net increase refers to the difference in energy intakes between treatment and control infants net of home and breastmilk energy intakes. In Guatemala, the intake estimate is also net of the intake of fresco.
Guatemala [8, 9] ceive complementary foods, but rather the outcomes of infants who had higher versus lower intakes of complementary foods in addition to breastmilk-differences created by the intervention itself. As shown in table 1, the study infants were offered at least 400 kcal/day in addition to their usual energy intake from both breastmilk and non-breastmilk foods given them at home. Humans, including infants, self-regulate their energy intake. At all sites, study infants did not consume all of the food offered. Although the calculation is difficult to make for all studies, it appears that the study infants consumed 15% to 75% of the extra energy offered from non-breastmilk foods. Thus, the intervention strategies were able to increase energy intakes from non-breastmilk foods by 90 to 500 kcal/day, with most efficacy studies reporting intakes in the range of 150 to 300 kcal/day.
Replacement of energy from breastmilk occurred in many of the studies, and thus the net improvements in total energy intake were somewhat smaller but still important
As stated by Brown et al. [3] , optimal complementary feeding in this age range involves adding energy and micronutrients while maintaining high energy intake from breastmilk. One disturbing finding reported in some of these studies is that additional intake of non-breastmilk foods replaced some of the energy previously provided by breastmilk. Thus, the total energy intake (breastmilk energy plus complementary food energy) was lower than expected. Information is not available for all studies, but the decrease in the amount of energy obtained from breastmilk was as much as 200 kcal/day in infants offered additional complementary foods. Across the studies, the net increase in total energy intake due to the interventions ranged from 65 to 300 kcal/day.
The growth of infants was improved by the interventions
The nutritional status of the infants at enrollment in the studies was generally poor, with average Z scores of -2.5 to -0.21 for weight-for-age and -3.0 to -0.5 for height-for-age.
To assess the impact of increasing total energy intake by 65 to 300 kcal/day, most of the studies compared rates of growth between infants in the intervention and control groups. All five studies reported statistically significant positive impacts of the interventions on somatic or linear growth, or both. Each of the studies provided evidence that the intervention and control groups of infants had similar nutritional status at baseline. At the end of the interventions, which lasted from five to nine months, differences in nutritional status due to the intervention in the five studies ranged from -0.25 to +0.46 SD units for weight-for-age and from -0.04 to +0.35 SD units for height-for-age.
In summary, the results suggest that improvements in complementary food intakes of 6-to 12-month-old infants in developing countries can be made, and that such improvements in dietary intakes will translate into improved rates of growth. However, these were research projects in which the delivery of and compliance to the intervention were tightly controlled. Further, the projects were small in scale, involving only several hundred infants. The next question is, "How effective have programmes been for improving complementary food intakes of older infants?"
Programmes to improve complementary feeding
This section summarizes the experiences of 16 programmes in 14 countries to improve the complementary food intakes of 6-to 12-month-old infants. The approach taken in the majority of programmes has been comprehensive, involving formative research for the development of specific complementary foods as well as complementary feeding education and counselling and some form of mass-media communication strategy. During implementation, most programmes conducted some form of monitoring or evaluation in order to modify or enhance the impact of the programme. Many of these programmes were implemented under the umbrella of growth-monitoring programmes, and most of them were large in scale, reaching populations of 1,000 or more potential beneficiaries. It should also be noted that these programmes were not focused solely on the feeding of 6-to 12-month-old infants; rather, they were designed to improve feeding practices in children up to 3 years of age, including appropriate feeding during illness. The programmes were conducted in Peru [16] [17] [18] , the Dominican Republic [19] , Indonesia [20, 21] , the Philippines [22] , Mali [23, 24] , Burkina Faso [25, 26] , Nigeria [27, 28] , the Gambia [29] , Cameroon [29] , Tanzania [29] , Swaziland [29] , Ghana [29] , Niger [29] , and Senegal [29] .
Most of the programmes used a combination of qualitative and quantitative research techniques in five stages in order to formulate the behavioural change strategies [29] . The stages were the following: 1. Review of pre-existing information on feeding practices and diet, inter alia; 2. Ethnographic study of health and nutrition beliefs and practices of the health providers, community members, and mothers, and their sources of information; 3. A nutritional assessment of existing diets and practices, their potential for enrichment or improvement, and possible resistances or obstacles to improving diet quality and feeding practices; 4. Individual and group trials of new feeding practices, foods, and recipes to determine the most feasible alternatives for improving dietary intake and people's reactions to new products and behaviours; 5. Development of an overall strategy for improving child feeding in the population, based on the findings from steps 1 to 4.
Interventions to improve intake of complementary foods
Because of the nature and complexity of the endeavours undertaken, it is important to consider the achievements of these programmes at two stages. The first stage considers the results of step 4 above, in which the feasibility of new feeding practices and recipes was tested on a relatively small scale with intensive motivation and counselling. Following that, we will consider the overall impact of these programmes on feeding behaviours, dietary intakes, and infant growth.
Trials of new feeding practices, foods, and recipes
Studies of the complementary foods currently fed to older infants in developing countries have highlighted the problems of low energy density and poor nutritional quality [30, 31] . To address these problems, many programmes have attempted to develop new complementary food recipes, building largely on what mothers were already "doing right." An example we have already seen is from the study in Bangladesh [13] in which a complementary food called chop-chop was promoted. The food-a mixture of wheat flour, oil, and brown sugar-was already being fed to children when they had diarrhoea; the project sought to promote its use for healthy children as well. To determine the nature and feasibility of a new (or improved) food product, household trials were conducted with small numbers of individual mothers or groups of mothers. In these trials, programme planners and mothers worked together to develop and evaluate new food products and feeding behaviours.
Shown in table 2 are the results obtained from formative research involving recipe development and testing with the purpose of designing nutritionally improved complementary foods for young children. Three points can be drawn from these results.
Nutritionally improved complementary foods could be developed in diverse cultural settings
Eleven of the programmes cited above involved the development of new or improved complementary foods. As shown in table 2, most of the foods developed were grain-based porridges to which protein-, energy-, and micronutrient-rich ingredients were added. It is interesting to note the similarity of the approaches taken in very diverse settings. Throughout sub-Saharan Africa, a twofold strategy was followed. First, protein and micronutrients were added to a staple porridge using peanuts, peanut butter, or cowpea flour. Second, in some settings, fermented flour was added to reduce the viscosity of the porridge, thus enhancing energy density as well as the acceptability to children. In Indonesia [20, 21] and the Philippines [22] , fish flakes, vegetables, and oil were added to rice.
It should not be concluded from these results that formative research is no longer a necessary step in the development of projects to improve complementary feeding. Rather, experience thus far suggests that some commonality exists in the nature of the problems in complementary feeding as well as in the means of addressing them. This commonality will probably streamline the formative research necessary for the development of new projects.
From a nutritional standpoint, the foods developed in these recipe trials represented clear improvements over the traditional foods offered to children in each setting. However, little information is available to quantify the extent to which regular consumption of these foods (as well as others offered to children) would translate into overall improvements in the energy, protein, and micronutrient intakes of older infants and children.
Poor mothers are willing to prepare new foods and their children are willing to eat them
Are poor mothers in developing countries willing to try new ways of preparing complementary foods for their infants? As shown above, the overriding conclusion to be drawn from the recipe trials is "yes!" The majority of women participating in the trials were willing to prepare new foods and feed them to their children and were active participants in their development. However, the trial results suggest that although mothers were generally willing to try new foods, they were less able to feed the foods regularly and to incorporate (adopt) them into their usual feeding repertoire because of time and resource constraints. Children liked the foods and were willing to eat them, and this was a major motivation for mothers to change and continue new foods and practices.
There are common barriers to using new foods and food preparations
Despite the willingness of mothers to try something new, several common barriers to using the new foods were identified. In a variety of settings, mothers stated a willingness to try the new foods and to continue to feed them as long as their children liked them. Second, the foods for enrichment had to be affordable; a key strength of several projects was the development of options for mothers at varying levels of poverty. For example, in Senegal [29] mothers who could not afford to add peanuts were willing to add milk or butter to their infants' porridge. Time is an important constraint to many women; to be successful, enriched foods must involve minimal changes in maternal time spent in preparation and feeding. Finally, it was reported in several sites that mothers would discontinue giving the food if their infants became sick or had other negative reactions that the mothers attributed to the food. This is a difficult barrier to overcome, because infants in developing countries will invariably get sick, and some may happen to get sick after consuming the enriched complementary food.
Although these results appear optimistic, it is impor- Interventions to improve intake of complementary foods tant to keep in mind that several key features inherent in the design of these recipe trials influence the type of results obtained. First, the approach involves small numbers of women or other target audiences. Second, the approach is participatory; women are asked to provide suggestions regarding the ingredients, methods of preparation, and ways to overcome barriers to their use. Thus, the dynamic created during these sessions is a oneon-one partnership between the programme planners and the target beneficiaries. Third, the nature of the process is to begin with a list of possible options (in this case, recipe variations), with the goal of the research being to refine the list. Thus, the results presented necessarily reflect the most successful approaches, and details on everything that was tried but not found to be successful are often not described. It is therefore important to consider whether the new foods or promoted feeding practices will be adopted when the intervention is conducted on a larger scale with less intensive interaction and participation among all mothers in the population.
Programme messages and communication strategies
How did these programmes try to improve complementary feeding? Presented in table 3 are brief descriptions of the content and communication strategies employed in nine of the programmes. Several features of these programmes are evident from the table.
Improving complementary feeding practices requires a comprehensive approach
The majority of the programmes used a comprehen-sive approach for improving complementary food intakes of older infants. First, the design of the programme content indicates that optimal complementary feeding begins at birth and that what constitutes optimal feeding changes as the infant grows and develops. Thus, for mothers to feed their infants optimally, they need simple, action-oriented information that is age-appropriate and that changes as their infants grow and mature. Second, the content is built upon current local practices, beliefs, and concerns-just as the food products or recipes that are developed are built upon local beliefs and practices. Third, the messages used reflect the fact that mothers need advice and information not only on what to feed, but also on how to feed their infants. As described in table 3, the key features of the educational strategies are the following:
Promote exclusive breastfeeding at birth as the critical first step. Promoting exclusive breastfeeding until four to six months of age delays the introduction of complementary foods until the appropriate time. Breastmilk is a critical component of an optimal feeding strategy for infants: the more optimal the breastmilk intake, the lower the amount of energy required from complementary foods. The programmes differed with respect to the recommended duration of exclusive breastfeeding because of changes in the international recommendations over time and because of variations among national policies. Besides promoting exclusive breastfeeding, several of the programmes had messages that attacked the reasons given by women for not exclusively breastfeeding their infants for the first four to six months of life. For example, in many countries water [27, 28] Exclusive breastfeeding to 4 mo At 4 mo, prepare eko ilera instead of traditional eko to help your child be "active and powerful" Feed other solids as well, starting at 6 mo Continue breastfeeding at least until child's 1st birthday Hygienic methods of food preparation Encourage spoon feeding (as opposed to hand feeding) Strongly discourage bottle-feeding of any kind In each village, 10 village-selected "teaching mothers" trained by community health worker each taught 10 mothers via 2 cooking demonstrations; mothers were given flyers to take home and 3-d supply of ingredients Interventions to improve intake of complementary foods is given to young infants to curb their thirst, and several programmes developed specific messages to counter this idea. In several sites, messages suggested that mothers should drink more to quench their infants' thirst [17, 18, 27, 28] . In one of these programmes, the decision was made not to try to dissuade mothers from giving infusions (teas), because the beliefs in the population regarding this practice were so tightly held. Throughout the world, "insufficient milk" is the principal reason mothers begin introducing complementary foods before the appropriate time [32] . Given that this is likely to be true only rarely, the projects sought to overcome this barrier by increasing mothers' self-confidence with respect to breastfeeding, discouraging the use of pacifiers and bottles, and teaching women behavioural strategies for optimizing breastmilk production, such as increasing frequency, breastfeeding at night, and feeding from both breasts each time. In Peru a booklet titled "Como tener bastante leche" (How to have enough milk) was produced and disseminated [17, 18] . Begin complementary feeding with small amounts of mashed foods; texture is important. Although a five-or six-month-old infant is beginning to need more energy than that provided by breastmilk alone, the need develops slowly over a few months, depending on the mother's milk production and the infant's individual growth pattern. Thus, the goal of complementary feeding at the beginning is to introduce new flavours and textures to the infants, prepare them to begin chewing, and encourage their interest in food. Mothers throughout the world, however, are worried about giving infants semi-solids or solids before they can handle them. For this reason, many of the programmes recommended that mothers start by giving mashed or pureed foods. Two of the programmes also recognized maternal concerns regarding the time involved in preparing special complementary foods; one programme provided recipes or food ideas that were "fast and easy," and the other promoted the mashing of the foods fed to the rest of the family. By focusing the issue around texture and ease of preparation, the mothers' initial concerns are validated, and this is likely to be a key factor influencing maternal acceptance of the recommendation.
Provide energy and nutrient-dense complementary foods on a daily basis. As described earlier, most of the food products or recipes recommended in the programmes Mali [23, 24] Growth monitoring Only breastmilk until 4 mo, no water until after 4 mo Promotion of vitamin A-rich foods Use small feeding bowl, supervise feeding, feed patiently and persistently 5-step counselling approach, live drama, radio programmes, flip charts, counselling cards, training in negotiation were designed to provide affordable, energy-and nutrient-dense foods suitable for daily consumption by older infants. These foods, along with breastmilk, form the base of the diet of older infants as they make the transition to the solid foods consumed by the family. As described earlier, the energy-and nutrient-dense foods tended to be protein-and micronutrient-enriched versions of local complementary foods, enriched porridges with malted flour added to decrease the viscosity, adaptations of local foods not typically provided to older infants, or local enriched foods usually fed only during illness that are promoted for everyday use.
Offer foods frequently throughout the day. As the infant's energy needs increase, the need to consume more non-breastmilk foods increases; however, the infant's stomach cannot handle large amounts of food at one meal. Therefore, it is recommended that smaller amounts of foods be offered several times throughout the day. How frequently should they be offered? That depends on the energy density of the foods offered: the more energy-dense the foods, the less frequently infants need to be fed in order to meet their energy requirements [3] . The projects made decisions regarding feeding frequency based on the energy density of the local complementary foods, with most programmes recommending that infants between 6 and 12 months of age be offered three to five meals each day. As shown in the programme in the Dominican Republic [19] , mothers of children identified as not growing well were advised to increase feeding frequency and variety, and were reminded that foods should not be watered down.
Feed patiently and persistently. Feeding older infants can be difficult and therefore requires patience and persistence. Such messages about feeding style were incorporated into several of the projects. Mothers were also encouraged to take a more proactive feeding style and to keep trying to feed the infants even when they did not appear to be hungry or when they rejected foods. In Indonesia mothers were told that mothers and not infants know what is best. In Mali [23, 24] the programme encouraged mothers to feed their children from small bowls and to supervise them while they ate.
Increase variety in the infant's diet. A well-accepted principle in nutrition is that a diverse diet is a healthful diet. Children need to be offered a variety of foods so that they can develop tastes and preferences and move away from a one-food liquid diet (breastmilk) to the variety of foods that will characterize their diet for the rest of their life. One programme in Indonesia [20] explicitly incorporated the concept of variety in their educational messages to caretakers of infants 10 months of age and older. Other programmes stressed variety implicitly by encouraging the consumption of foods from distinct food groups, particularly foods rich in vitamin A.
Continue breastfeeding for as long as possible. Even though the infant is consuming other foods, breast-milk is still a nutritious food and should continue to be offered. Recognizing the multiple benefits of breastfeeding for both the mother and the child, the programmes supported continued breastfeeding. It should be noted, however, that none of the projects developed messages about maintaining high levels of breastmilk intake during the first year of life as complementary foods are introduced and their consumption increases, or about how to do it.
Mass media and one-on-one counselling approaches were used jointly to improve complementary feeding
Each of the programmes used a variety of communication approaches to impart its messages to the population. First, mass-media techniques were used to reach the target population of mothers with infants as well as the larger population. Such approaches are necessary to change cultural norms regarding optimal complementary feeding. Second, one-on-one interactions between community health workers and mothers were used to provide individualized information and support to mothers of infants. In several of the programmes, the counselling component was explicitly integrated with growth-monitoring programmes, and community health workers were provided with training in growth monitoring and promotion, complementary feeding, and specific counselling techniques. Importantly, the approach to counselling was both process-and actionoriented. For example, in Mali [23, 24] a five-step counselling approach was followed that stressed negotiation with mothers as opposed to education per se. Finally, each programme produced printed materials such as counselling cards, recipe booklets, leaflets, and posters for mothers to take home and use.
Impact of programmes on maternal knowledge and practices
How effective were the educational strategies used in these programmes? Presented in table 4 are the reported impacts of the interventions on maternal knowledge and practices related to complementary feeding. However, before examining programme impact, it is important to consider the coverage achieved in these projects as well as the evaluation strategies.
Most of the projects achieved good coverage of the target population, but the coverage rates varied depending on the communication strategy. As expected, massmedia strategies reached a greater percentage of the target population than did strategies involving individualized or one-on-one interaction. A word of caution should be added here, because little documentation was available that described how coverage was calculated. Nevertheless, the data provided suggest that the interventions did in fact take place and that a sizeable proportion of the potential beneficiaries were exposed to one or more messages. It should also be noted that significant exposure to programme activities (contamination or crossover) occurred in the comparison communities in some sites.
In several programmes, the level of exposure was minimal (2% to 3%). However, in Mali [23, 24] 18% of respondents in the comparison (non-programme) communities had been exposed to one or more programme activities or messages. Exposure of non-programme communities to the programme complicates the evaluation process and leads to an underestimation of programme impact. It also speaks well of the intervention itself, in that it was diffused beyond the limits of the target population.
A variety of approaches were taken to evaluate the impact of these programmes. In a few of them, pre-and post-intervention surveys were conducted in programme communities. The principal problem with this approach is that it may overestimate the impact of the programme because it does not separate the impact of the programme from secular improvements in knowledge and Interventions to improve intake of complementary foods practices. Two projects compared outcomes among participants with those among non-participants in the same community. The potential problem with this approach is one of selection bias; that is, an undocumented process exists through which individuals become participants or remain as non-participants, and this process can lead to a lack of comparability between these two groups of individuals within the community. This lack of comparability may lead to either overestimates or underestimates of programme impact. Other projects examined impact by comparing outcomes between programme and comparison communities. To improve comparability, the comparison communities were matched to programme communities on the basis of their socio-economic and demographic characteristics, and in a few cases, both baseline and final evaluations were conducted. The strongest design would have been to randomize individuals or communities to receive the programme activities. However, to the best of our knowledge, none of the projects used randomization procedures to identify programme and comparison communities. Maternal knowledge and practices were assessed using knowledge, attitude, and practice (KAP) survey techniques. Mothers were asked to recall specific messages of the programme, and the accuracy of their responses was noted. They were also asked whether they agreed with a series of belief statements regarding breastfeeding and complementary feeding. Most projects compared persons in programme and non-programme communities with respect to changes in their knowledge of specific intervention messages over time. Only one project created knowledge composite scores based on the percentage of correct responses [21] . In general, the results indicate that the interventions resulted in large shifts in maternal knowledge regarding optimal feeding during the first year of life.
The impact of the programme on infant-feeding practices was assessed via interviews or structured observations and weighed intakes. Most of the projects used survey techniques that provided information on infant-feeding practices as reported by the mother. Mothers were asked how they were currently feeding their infants and were administered a 24-hour recall test to describe what their infants had eaten on the day before the interview. The 24-hour recall also provided quantitative information on dietary intakes. The results suggest large differences in the frequency with which recommended feeding practices were reported in programme versus comparison communities. In the following section, we consider whether the changes in maternal knowledge and reporting practices translated into measurable improvements in the dietary intakes and nutritional status of programme participants.
Impact of programmes on complementary food intake and nutritional status
Changes in the adequacy of the dietary intake of participating infants were reported for only three programmes. This information was converted to intake in kilocalories per day for comparison with the results of efficacy trials. As shown in table 5, the results suggest that the projects were able to increase the energy intake of 6-to 12-month old infants by about 70 to 165 kcal/day. This change is impressive, because it covers the lower range of net improvements in dietary intake reported by the efficacy studies described earlier (65-300 kcal/day). It is important to note, however, that separate information on energy intakes from breastmilk and non-breastmilk foods was not provided, and thus we do not know whether increased consumption of complementary foods reduced breastmilk intake. On the basis of the results of the efficacy studies, this cer- tainly seems likely. Thus, the actual improvements in complementary food intakes may be larger. Also presented in table 5 are estimates of the improvements in nutritional status of infants achieved in the project area. This information was not presented uniformly across all programme reports; therefore, the information was transformed to make it comparable to that presented in the efficacy studies. The methods used were similar to those described earlier; exact details on the transformations used are available from the authors. With the exception of the programme in Peru [17] , all of the projects with available data showed positive programme impacts on nutritional status. The lack of impact of the project in Peru may be related to the evaluation strategy, which consisted of cross-sectional nutritional status surveys in the communities before and after the intervention. When using this strategy, one cannot separate programme impact from secular trends in nutritional status over the life of the project. The range of positive impacts was on the order of +0.24 to +0.87 SD for both weight-for-age and height-forage. For several reasons described above, however, it is likely that these estimated impacts are somewhat overstated. Thus, the actual improvements in nutritional status are probably smaller. However, even if the true impact was overestimated by 50% (i.e., infants of 0.10-0.40 SD), the impact would still probably be large enough to translate into tangible reductions in malnutrition of older infants in developing countries.
Discussion
The results of this analysis provide evidence that in-creasing complementary food intakes of 6-to 12-monthold infants is both an efficacious and an effective approach to reducing early childhood malnutrition in developing countries. The first section reviewed five efficacy studies that provided an additional 65 to 300 kcal/day, resulting in improvements in growth of 0.1 to 0.5 SD. These studies used randomized designs, and confounding issues were addressed. Overall, they were well conducted and provide causal evidence that improving dietary intakes of infants living in impoverished environments will improve their growth.
In the next section, we reviewed programme projects that attempted to reduce malnutrition by improving infant-feeding practices. The information is less comprehensive, because several of the projects examined were not formally evaluated for impact. The evaluation designs, when available, were not optimal, although most at least conducted pre-post evaluations of maternal knowledge, infant-feeding practices, and infant nutritional status in both programme and comparison communities. One way to strengthen these types of designs would be to randomly assign individuals or communities to programme or comparison groups. Programme planners and policy makers, however, are reluctant to adopt such strategies. If randomization is not done, demonstration of comparability of the groups and an analysis of congruence of the findings become more important. Such analyses were performed to a greater or lesser extent in these evaluations. Thus, the results provide plausible evidence that comprehensive, multifaceted intervention approaches involving breastfeeding promotion and improved complementary feeding can identify affordable and acceptable means for caretakers to improve infant feeding, improve caretaker knowledge and beliefs regarding optimal infant feeding, improve infant-feeding practices, increase total energy intake, and improve the nutritional status of older infants.
The evaluations provide evidence that improvements in dietary energy intake of 70 to 165 kcal/day were associated with changes in growth rates on the order of -0.04 to +0.87 SD. Thus, it would appear that the programme projects were able to produce equivalent or greater improvements in nutritional status with about one-half the improvement in dietary energy intakes. How can this be? The answer probably lies in the fact that whereas the efficacy trials used one method to improve infant feeding (direct provision of additional foods), the programmes intervened in multiple ways and at multiple moments, beginning at birth and continuing throughout infancy and beyond. Thus, it is likely that some of the improvements in nutritional status are a direct result of improved breastfeeding practices (particularly improvements in the duration of exclusive breastfeeding) as well as improved means and motivation for improved complementary feeding. It is also likely that evaluations that provide plausible evidence of programme impact are more subject to small levels of positive confounding that lead to a slight overestimation of programme impact.
Despite the variability in the impact of programmes on growth rates of infants, most efficacy studies as well as programmatic efforts increased the growth rates of children by 0.10 to 0.50 SD. What do these rates of improvement in growth mean for reducing malnutrition in a population? Assuming that the distributions of Z scores post-intervention are normal, with an SD of 1.0, we can calculate the impact of an upward shift in the average Z score of 0.10 to 0.50 SD and the expected prevalence of malnutrition (% < -2 Z score). This is done in table 6A and B for various levels of nutritional status in the population and intervention impact. As shown, improvements in growth on the order of 0.10 SD imply absolute reductions in the prevalence of malnutrition of 2% to 4%, whereas improvements on the order of 0.50 SD imply reductions of 5% to 19%, depending on the underlying prevalence of malnutrition in the population (assumed to be between 7% and 69%). If we consider the average positive impacts on growth from both studies and programmes to be on the order of 0.2 to 0.3 SD, then we can expect absolute reductions in the prevalence of malnutrition on the order of 3% to 12%, depending on the underlying prevalence in the population.
It is well known that poor nutritional status contributes to more than half of child deaths in developing countries. For this reason, interventions to improve nutritional status are integral components of child survival efforts worldwide. Therefore, it is likely that im-provements in nutritional status will also translate into reductions in mortality rates for infants and young children. Recently, Pelletier et al. [6] provided a method of quantifying the proportion of deaths among children attributable to malnutrition, based on the traditional statistic, population attributable risk (PAR). We used this technique to provide an indication of the potential reduction in mortality attributable to malnutrition that would result if programmatic efforts were able to improve the growth rates of older infants by 0.10 to 0.50 SD. These results are shown in table 6C. The underlying PAR in the community is a function of the underlying prevalence of malnutrition (characterized here by the average Z score), and the change in PAR depends on the improvement in nutritional status. These extrapolations indicate that programmatic efforts that improve the nutritional status of children by 0.10 to 0.50 SD might reduce the proportion of deaths attributable to malnutrition by 2% to 13%, depending on the underlying prevalence of malnutrition in the community.
Several words of caution must be said regarding the review and the analytic results extrapolated from these data. First, it is likely that positive publication bias exists for both types of interventions, meaning that studies not able to improve the growth rates of older infants were less likely to be published in the scientific literature, and that few evaluations of ineffective programmes may have been available for review. Thus, the overall findings presented here may be overstated to an unknown degree. Second, in the evaluation we have emphasized the validity and magnitude of the effect sizes reported rather than the statistical significance (or lack thereof) of specific estimates. In fact, some of the results from programme evaluations were not statistically significant at traditional alpha values of 0.05. Statistical significance is arguably less important in this type of analysis, given the relative dearth of information that was available a priori for designing optimal evaluations. Despite these limitations, nutritionists, health professionals, and policy makers should take note of the likely magnitude of the positive contribution that complementary feeding interventions can make towards ensuring the growth and survival of young children in developing countries. The results presented here with respect to reductions in malnutrition and mortality are not proven, but are testable within a programmatic context. Thus, it is our intention that the analyses presented here provide guidance as well as starting values for designing programmes with the greatest potential for improving nutritional status, and with improved evaluation designs that will allow us to demonstrate directly the contribution of such programmes to child survival worldwide. TABLE 6 . Likely impact of improvements in complementary feeding on prevalence of malnutrition and deaths attributable to malnutrition among infants 6-12 months of age in developing countries, estimated from the range of improvements in growth reported from efficacy studies and programmatic interventions (tables 1 and 5). a. Calculated as described in the text, following the method developed by Pelletier et al. [6] .
A. Post-intervention prevalence of malnutrition (% < -2 Z score)
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